20 21 As in other cereal crops, the panicles of sorghum (Sorghum bicolor (L.) Moench) comprise 22 two types of floral spikelets (grass flowers). Only sessile spikelets (SSs) are capable of 23 producing viable grains, whereas pedicellate spikelets (PSs) cease development after 24 initiation and eventually abort. Consequently, grain number per panicle (GNP) is lower than 25 the total number of flowers produced per panicle. The mechanism underlying this 26 differential fertility is not well understood. To investigate this issue, we isolated a series of 27 EMS-induced multiseeded (msd) mutants that result in full spikelet fertility, effectively 28 doubling GNP. Previously, we showed that MSD1 is a TCP (Teosinte 29 branched/Cycloidea/PCF) transcription factor that regulates jasmonic acid (JA) 30 biosynthesis, and ultimately floral sex organ development. Here, we show that MSD2 31 encodes a lipoxygenase (LOX) that catalyzes the first committed step of JA biosynthesis.
Introduction

54
Sorghum [Sorghum bicolor(1) (L.) Moench] is a crop plant domesticated in northern Africa 55 ~6000 years ago (1, 2) . A C 4 grass with robust tolerance to drought, heat, and high-salt conditions, 56 sorghum is the fifth most agriculturally important crop in terms of global dedicated acreage and 57 production quantity. It also serves as a useful model for crop research due to its completely 58 sequenced compact genome (~730 Mb)(3) and similarity to the functional genomics capabilities 59 of maize, sugarcane, and other bioenergy grasses comprising more convoluted genomes.
60
Increasing grain yield has always been a high priority for breeders. Increasing grains per 61 panicle (GNP) and optimizing panicle architecture represent feasible goals for modern gene 62 editing in sorghum (4, 5) . GNP and seed head architecture are related traits, with origins in early 63 stages of inflorescence development (6, 7) . Sorghum forms a determinant panicle that manifests 64 at the end of the shoot meristem, with nodes regularly extending throughout from which secondary 6 other developmental signaling effects and inhibition of cell expansion caused by the introduction 142 of exogenous jasmonates (33, 34) . 143 144 MSD2 Regulatory Networks Are Similar to MSD1 145 Transcriptomic data indicated that many JA biosynthetic pathway genes, including all LOX 146 paralogs, were coordinately downregulated in stage 4 SS and PS tissues of developing msd2 147 panicles (Figure 3a, b) . Within these tissues, the global transcriptomic profile of genes 148 downregulated in msd2 revealed Gene Ontology (GO) term enrichment for proteins involved in 149 oxylipin biosynthesis, as well as reorganization of cellular structure (Supplemental Figure 2) , 150 including members of the glycoside hydrolase, lipid transferase, and cellulose synthase families.
151
Genes upregulated within stage 4 PS and SS tissues of msd2 were enriched for functions related 
154
Comparison of msd1 and msd2 transcriptomes revealed conserved GO enrichment 155 categories, with little difference in expression of JA biosynthetic and signaling genes between 156 mutants in the TCP transcription factor and lipoxygenase components of the hormone pathway.
157
Principal component analysis (PCA) of JA pathway gene expression in both msd1 and msd2 158 showed that the greatest variance involved particular JA biosynthesis genes, predominantly 159 cytochrome, jasmonate methyl transferases, OPC-8, OPR, and LOX genes (Figure 3c) . Early-160 stage meristems (stage 1 and stage 3) exhibited the least variance between the msd1 and msd2 161 transcriptional profiles, whereas stage 4 and 5 inflorescences and spikelets made the greatest 162 contribution to PCA dimensionality. PCA eigenvectors also indicated that the transcriptional 163 divergence between WT and multiseeded plants occurs around stage 4 and continues through (33), and sex determination and floral organ 222 progression (specifically, anther and pistil development) (7, 15-17, 22, 27, 42, 43 
230
Specifically, the role of MSD2 in regulating floral organ fertility in sorghum is analogous to 231 those of other LOX domain-containing proteins from other plant models (11, 16, 17, 25, 47) ; 
250
MSD1 can bind to the MSD2 promoter and activate gene expression. Consistent with this, 251 expression analysis also revealed reduced levels of MSD2 transcript in the msd1 mutants (7). In 252 addition, DAP-seq analysis showed that MSD1 associates with other JA biosynthetic and 253 signaling genes, including both 9-and 13-LOX paralogs of MSD2. Additionally, we identified 254 potential enhancer binding regions for MSD1 that also exhibit enrichment for motifs bound by used for tissue collection. The ten plants for each replicate were processed as follows: at stage 291 1, whole panicles were harvested; at stage 3, differentiated floral organs on the tips of panicles 292 were isolated; and at stages 4 and 5, the SS and PS tissues were isolated. For each replicate, 293 the ten samples for each stage were pooled together. Tissues were immediately frozen in liquid 294 nitrogen and stored at -80°C prior to RNA extraction.
295
RNA was extracted using the TRIzol reagent, and then treated with DNase and purified Supplemental Table 2 . All MSD1 DAP-seq peaks as called by MAC2 peak caller and annotated 610 to nearby gene models using the annotatePeaks module from the HOMER package.
609
612
Supplemental Figure 1 . A) Dissected PSs from WT and msd2-1 panicles showing the presence 613 of mature pistils in the LOX mutants while the WT flowers lack a mature gynoecium. B)
614
Phylogenetic tree of all sorghum, maize, rice, and Arabidopsis LOX genes based on full peptide 615 sequence. Sorghum MSD2 is highlighted in red and maize TS1 in green. C) Boxplot of days to 
